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is too often interpreted as people being reckless, careless or just ignorant in discharging their duties. This so-called careless worker approach was the unstated assumption behind early moves to improve health and safety. It could be argued in the petroleum industry that we have adopted a more sophisticated approach, emphasising the importance of the engineering integrity of process systems and the role of formal management systems. However, there remains a need to better integrate what we know about human and organisational error. Reason's (1997) organisational accident model has had a profound effect on how accidents are viewed and how we can learn from them. The clarity with which the model is presented does not, however, necessarily translate directly into ease of application. The model is a description of accident causation, but does not provide a method for making assessments about organisational resilience in its own right. As such, individuals wanting to use the model need to be well trained if benefits are to be realised. This paper describes a practical and applied approach to human error training based on principles of adult learning that is designed to tap into trainees' existing knowledge and experiences. The Australian upstream oil and gas industry faces many staffing challenges, including:
• shortages of skilled personnel to staff new developments and expansion projects; • retirement of an aging workforce with consequent loss of experience; and • low enrolments in university courses predicting a diminished pool of geologists, engineers and technical staff. APPEA's Workplace Competency Initiative has been addressing these challenges by devising and promoting a career development strategy to encourage the recruitment and retention of staff. This career development strategy also addresses the competent workforce provisions and duty of care requirements of APPEA's safety case guidelines. The principle components of the career development strategies are;
• competency standards-the development of competency standards for production operators and drilling crews; • career guide-a promotional publication to attract new recruits, retain current staff, and to promote life-long learning; • coach's handbook-a manual for team leaders, supervisors and managers to encourage staff coaching, competency-based training and career development; • coach the coach courses-practical one day sessions to promote staff coaching, competency formation and career development; • group training scheme-an industry sponsored scheme to recruit, place and train production operators; and • a competency register-development of a competency register to encourage and record workforce safety certificates, workplace inductions and vocational qualifications. Ultimately this career development strategy will create a sustainable pool of skilled workers, contribute to safer workplaces, and improve the competitiveness of the Australian petroleum industry. A statistical experimental design determined 27 scenarios should accurately model the probability distribution of reserves. A 3D model was made for each and run through the dynamic simulator to estimate economic ultimate recovery (EUR). Multivariate statistical analysis produced a response equation for EUR and the probability distribution. This is more rigorous than the standard method which produces mid, high and low case models, for which there is no adequate way to assign their probability of occurrence.
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The range of scenarios and response equation are extremely useful in testing development options that would otherwise not be apparent. The technique rapidly captures the range of likely outcomes and immediately focusses effort onto a flexible approach to the main uncertainties. This saves considerable re-work and development time.
Logging while drilling measurements, specifically resistivity, density, gamma ray and ultrasonic provide not only standard formation evaluation measurements, but provide this information azimuthally around the well bore. Images derived from this data can be used for geological, geome-decision-making. Such a system allows exploitation of explicit and tacit process-knowledge, so that information from multiple field experts, company best practice policies and latest technological findings can be gathered and applied. To handle embedded uncertainties according to their nature, type-2 fuzzy set theory is used. The system is realised via individual reasoning blocks that establish a coherent reasoning lattice. The two apparent benefits of this approach are that it:
• allows easy adaptation and upgrading of the system's knowledge; and • provides sensitivity for selection of particular reasoning blocks, depending on the current scenario and conditions. A prototype has been constructed, therefore, to investigate potential gas hydrate related drilling problems. Its main purpose is to enhance well planning and aid the execution of drilling plans, so that safe working conditions as well as economic and technically successful project outcomes can be achieved. The commercial impact of using such a system will:
• lead to a potential increase in well-site security as well as an overall reduction of well costs; and • initiate developments of process-knowledge management systems for similar domains. The mosaic of the common law relating to Native Title, which underpins the Native Title and other Acts, continues to be filled in by the courts increasing certainty for all parties. Last year saw the High Court's Ward decision-the most significant decision for the petroleum industry since Mabo in 1992. Since then there have been three more important decisions, which while not making new law, have shown how the principles enunciated in Ward and Yorta Yorta are being applied. Some of the cases examined include the Daniel and De Rose Hill decisions, which have application to petroleum tenements. This paper will outline the recent developments, and demonstrate how the decisions have reduced uncertainty, thereby narrowing the areas about which negotiation must occur. The hurdle for proving the existence of Native Title remains high.
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It has not all been in favour of industry, however. Increasingly, Native Title cases, such as Daniels have resulted in unexpected findings that some conventional titles had been invalidly granted. Titles which seemingly ought to have extinguished Native Title have turned out to be invalid, and in many cases irretrievably so. The paper looks at the implications of this for industry as well. The second part of the presentation briefly raises broader issues under-pinning the sustainability of agreements and the distribution of benefits. The argument draws on material from other areas of Australia and other examples of agreement-making for effective solutions. In particular, attention is given to the scope of the beneficiaries involved and how this might be determined, the nature of the benefits associated with the agreements, and reasons why the construction of robust agreements with sufficient capacity to survive changes and remain relevant must be sought.
This will be a presentation only. The past decade has been a period of unprecedented change in the Australian gas industry, driven strongly by pro-competition policies introduced by governments in the wake of the Hilmer Report into National Competition Policy in 1993.
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In February 1994, the Council of Australian Governments (CoAG) agreed to facilitate developments aimed at stimulating competition, thereby achieving free and fair trade in the natural gas sector. The reform agenda agreed by CoAG has seen far-reaching changes throughout the gas supply chain, ranging from upstream acreage management policies aimed at increasing the level of gas-on-gas competition, through the regulation of third party access to transmission pipelines and distribution systems, and the ring-fencing of retail functions. Retail contestability is being phased in
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and a large proportion of the overall market by volume is now contestable. Many previously government-owned gas businesses have been disaggregated and privatised. The transmission pipeline network has developed rapidly with interconnections opening up new markets (as in the case of Tasmania) and providing gas shippers and consumers in southern and eastern Australia with increased supply-side choices and improved supply security.
The process of change has not, however, been without controversy. While the stated intention of policy makers was to provide a framework for light-handed regulation, in practice many operators have found the regulatory processes to be onerous and commercially restrictive. The so-called Parer Review of the national energy market presented to the COAG Energy Ministers in December 2002 made a number of recommendations aimed at improving the gas industry policy environment. Subsequently, the Productivity Commission has started a review of the Gas Access Regime, including the National Third Party Access Code for Natural Gas Pipeline Systems. This paper presents an assessment of the effectiveness of current energy policies in promoting the development of a competitive gas market in Australia. It compares the situation in Australia with markets elsewhere in the world (United States, UK/Europe) and identifies areas in which policy reform could support the further development of the Australian gas market.
This will be a presentation only. The determination of petroleum resources is a technical function executed by geoscientists and reservoir engineers. The determination and valuation of petroleum reserves is a commercial function that requires input from development and cost engineers, economists and financial and risk analysts. While the technical aspects of both determinations are generally carried out with diligence, the financial considerations are frequently given scant regard. Of particular note are the infrequent acknowledgement of risk and the application of appropriately considered discount rates.
It can be demonstrated that inappropriate selection of the discount rate can create material distortions in the determination and valuation of reserves.
Our proposition is that the rate at which the cash flows are discounted should reflect the reserves uncertainty, specifically the relationship between the proved reserves, which can be financed out of debt, and probable reserves that are typically financed out of equity. Specifically, for the valuation of proved+probable reserves, rather than use a corporate WACC, i.e. one which reflects the average ratio of the costs of debt and equity, investors should instead use a WACC which is based on the ratio of proved: probable weighted cost of debt: equity. The cumulative graph of reserves added to a basin through time is a measure of that basins' exploration maturity. Additions of reserves through new field discovery are limited in the BowenSurat, Gippsland, Cooper-Eromanga and Bonaparte Basins whilst significant discoveries continue to be made in the Carnarvon Basin. The recent discoveries in the Perth Basin represent a significant new phase in the addition to reserves for this basin. Reserves growth in existing fields represents a very significant source of new crude oil reserves. All gas bearing basins including those in eastern Australia show potential for additional gas discoveries. Coal Bed Methane also represents a significant gas resource into the future.
Australia's production of crude oil has averaged 11% of the remaining reserves over the last decade. In the late 90s, the rate of production has exceeded the rate of addition to reserves and production must decline in the medium term. Medium-to long-term forecasts of future crude oil production are uncertain because of the difficulty in predicting the rate of crude oil discovery, particularly since many of the established plays in established crude oil basins appear to have little remaining potential and success rates and potential for new plays in established and frontier areas of exploration is unknown.
Rates of gas production are not related to existing reserves, but rather to the dynamics of the commercial market which is strongly influenced by regional infrastructure.
SESSION 3B-IMPROVED DEVELOPMENT AND PRODUCTION: ENHANCED RETURNS
Future oil discoveries offshore Australia are unlikely to be large fields that can support the development of a one-off self-sufficient facility. Fixed platforms are generally only feasible in shallow water when the water depth (in metres) to well count ratio d/w < 20. Smaller fields around the world are commonly produced with the aid of infrastructure shared with other fields and operators or supplied by contractors. This offshore infrastructure is likely to include both the mobile rig chartered to drill the development wells, and the processing and export facility; the latter may be either a mobile production unit at the field site (commonly leased) or a remote host platform (commonly operated by a third party).
The construction and ongoing re-use of a generic FPSO suited to Australasian field conditions might be of considerable assistance in monetising small oil fields in deeper water. Similarly, aptly located, designed and operated gas hubs could open up large areas for satellite gas development long into the future, aided by new technology to enable ultra-long tiebacks. Both approaches suggest the benefit of overlaying a regional perspective on the oil companies' field-specific development philosophy. This paper discusses several industry approaches to product and service delivery of real-time enabled production workflows, and the various possible implementations. The commercial and physical implementations of these production workflows can range from remotely hosted solutions with no footprint on the operator premises, to fully integrated solution using and integrating legacy system of the oil and gas company. A segmentation of these approaches facilitates the selection process depending on parameters such as the size of the asset, legal constraints, availability of expertise. The value of the benefits of each of these approaches also provides a better understanding of the probable gains that may be achieved in the short to long-term time frame. Since the commencement of the major developments on the North West Shelf, the offshore resource industry, during both its construction and operational phases, has faced considerable logistical impediments to cost-effective solutions for the offshore supply chain. These impediments have included distance, scant resources, lack of infrastructure both on and offshore and lack of critical mass.
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Drivers
Throughout the world, offshore projects have greatly benefitted from the availability of integrated services to cater for the transport of equipment from the point of manufacture or distribution to the offshore location.
Within the Australian context the privately controlled Esso Barry Beach and Dampier Woodside facilities are examples of integrated services, but both differ considerably from a public multi-user facility. The model used in the Timor Sea of one vessel or vessels for the use of several operators is another example.
The NorthWest Shelf has now reached the critical mass and it became apparent several years ago that the area needed an integrated supply base available to multiple operators. It would need to include a heavy loadout wharf, laydown areas, slipway and engineering facilities and office space to service forthcoming projects, as well as planning and cooperation amongst all players to maximise efficiency and use of scant resources as drivers for economic benefits to offshore operators in the region. This complex has for the first time provided the northwest of Australia, particularly the North West Shelf, Carnarvon Basin and the onshore developments on the Burrup Peninsula, with a facility for offloading and loadout of heavy shipments and fabrication and slipway facilities, coupled with the advantages of a large supply base. This facility can also be expanded to meet growth and the emerging requirements related to security. This paper describes the drivers for change commencing with the earliest supply chains and following through to the integrated service now availabe. These drivers meet the requirements of the offshore operators in the region as well as showing the benefits anticipated from this integrated service. The paper also outlines in detail the requirements of the International Maritime Organisation for worldwide changes to port and offshore security.
Potential sites for geological storage of CO 2 require detailed assessment of storage capacity, containment potential and migration pathways. A possible candidate is the Flag Sandstone of the Barrow Sub-basin, northwest Australia, sealed by the Muderong Shale. The Flag Sandstone consists of a series of stacked, amalgamated, basin floor fan lobes with good lateral interconnectivity. The main reservoir sandstones have high reservoir quality with an average porosity of 21% and an average permeability of about 1,250 mD. The Muderong Shale has excellent seal capacity, with the potential to withhold an average CO 2 column height of 750 m. Other containment issues were addressed by in-situ stress and fault stability analysis. An average orientation of 095°N for the maximum horizontal stress was estimated. The stress regime is strikeslip at the likely injection depth (below 1,800 m). Most of the major faults in the study area have east-northeast to northeast trends and failure plots indicate that some of these faults may be reactivated if CO 2 injection pressures are not monitored closely. Where average fault dips are known, maximum sustainable formation pressures were estimated to be less than 27 MPa at 2 km depth. Hydrodynamic modelling indicated that the pre-production regional formation water flow direction was from the sub-basin margins towards the centre, with an exit point to the southwest. However, this flow direction and rate have been altered by a hydraulic low in the eastern part of the sub-basin due to hydrocarbon production. The integrated site analysis indicates a potential CO 2 storage capacity in the order of thousands of Mtonnes. Such capacity for geological storage could provide a technical solution for reducing greenhouse gas emissions. A key challenge to researchers involved with geological storage of CO 2 has been to develop an appropriate methodology to assess and compare alternative CO 2 injection projects on the basis of risk. Technical aspects, such as the risk of leakage and the effectiveness of the intended reservoir, clearly need to be considered, but so do less tangible aspects such as the value and safety of geological storage of CO 2 , and potential impacts on the community and environment.
Assessing risk in CO
The RISQUE method has been applied and found to be an appropriate approach to deliver a transparent risk assessment process that can interface with the wider community and allow stakeholders to assess whether the CO 2 injection process is safe, measurable and verifiable and whether a selected alternative delivers cost-effective greenhouse benefits.
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In Australia, under the GEODISC program, the approach was applied to assess the risk posed by conceptual CO 2 injection projects in four selected areas: Dongara, Petrel, Gippsland and Carnarvon. Understanding CO 2 source and carbonate cements in natural gas accumulations is important for predicting the behaviour of anthropogenic CO 2 in a reservoir system. The Otway Basin offers an excellent opportunity to examine late CO 2 -derived cements as an analogue for mineralogical storage of CO 2 . Understanding Otway Basin diagenesis and carbonate cement distribution is also of great significance to petroleum production in the region. He gas isotopic ratios of R/Ra > 1 indicate a predominantly mantle input for the CO 2 -rich accumulations. Degassing of magma associated with Pleistocene to Recent volcanics is suggested as the dominant, CO 2 source for the existing CO 2 accumulations. CO 2 influx from the magmatic source was rapid, and is the most analogous scenario to injection of anthropogenic CO 2 . Natural influx of CO 2 and the opportunity for mineralisation of CO 2 is variable, with CO 2 dissolving some original carbonate and precipitation dependant on pH, ρCO 2 , and available cations. Positive mineralogical CO 2 storage occurs in the Pretty Hill Formation, due to a higher content of labile lithic minerals, with ~36 kg/m 3 of CO 2 (~48 kg/m 3 carbonate) stored in the Ladbroke Grove Field from the current CO 2 phase. The Waarre Sandstone has negative mineralogical storage of CO 2 , with less carbonate than similar reservoir rock without CO 2 , and therefore more CO 2 being released from dissolution of early carbonates.
Elemental and textural examination of Otway Basin cements has identified five carbonates in reservoir rock
The results clearly showed the relationships between containment and effectiveness for all of the four conceptual CO 2 injection projects and indicated their acceptability with respect to those two KPIs. Benefit-cost analysis showed which projects would probably be viable considering base case economics, greenhouse benefits, and also the case after risk is taken into account. A societal risk profile was derived to compare the public safety risk posed by the injection projects with commonly accepted engineering target guidelines used for dams. The levels of amenity risk posed to the community by the projects were assessed, and their acceptability with respect to the specific KPI was evaluated.
The risk assessment method and structure that were used should be applied to other potential CO 2 injection sites to compare and rank their suitability, and to assist selection of the most appropriate site for any injection project. These sites can be reassessed at any time, as further information becomes available. Valley Siltstone to have charged the Mereenie Structure. This was later partially displaced by gas.
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To date the Neoproterozoic sequences have yielded only dry gas (at Dingo field, Ooraminna-1 and Magee-1) which could be due to original source rock characteristics, but more likely to high maturity levels in the main depocentres. Previous notions that the Ordovician petroleum system was probably only active in the northern portion of the basin appear correct, but gas charged traps at the level of the Neoproterozoic should be ubiquitous.
A new approach to near realtime log interpretation product centred on the Platform Express and Elemental Capture Spectroscopy Sonde (ECS) has provided the potential for fast, simple and near real-time log interpretation.
Accurate clay volumes are vital to determining effective porosity. Density and neutron clay corrections become even more important in low porosity shaley reservoirs where corrections of several porosity units become necessary. In a reservoir of 10% porosity, an error of 1pu can remove 10% of the pore volume. Clay volume from gamma ray curve is prone to errors, especially in formations that are radioactively hot. Generally the error is overestimating the clay volume in the clean zones resulting in a reduction of effective porosity.
The capture-gamma ray spectroscopy tool measures element yields then determines the lithology of the formation via an oxide closure model based on an extensive core database. The matrix density and the matrix neutron porosity are computed from the elemental yields and used to provide accurate matrix-corrected neutron porosity and density porosity. Then, using the Wasman-Smits-Thomas saturation equation and the true formation and flushed zone resistivities, the water saturation is computed for the flushed zone and the virgin formation.
The lithology derived from the capture spectroscopy tool and lithology processing, along with porosity information, is used to compute K-Lambda permeability via previously published geochemical models. Back calculation using the Timur permeability relationship leads to a bound fluid volume and irreducible water saturation.
This will be a presentation only. 
Certainty in uncertain times: considering force majeure
Force majeure clauses are particularly relevant to at least two types of oil and gas agreements: operating agreements and long-term contracts. Each type of contract is characteristically exposed to calamitous events that can take many years to manifest. However, force majeure clauses in each type of contract need to reflect the commercial realities and bargain represented by each type of contract. This paper considers whether the types of force majeure clauses that are used in the Australian oil and gas industry would adequately excuse a party relying on them from performing their obligations under a contract in light of some very real 21st century concerns.
The beginning of the 21st century has seen remarkable technological development and the creation of a global village where an isolated event in one part of the world can have a significant effect on the entire world. Therefore, the increased likelihood of a terrorist attack against significant infrastructure (eg. an offshore oil rig or gas pipeline) and the emergence of natural phenomena, particularly widespread viral outbreaks such as the SARS virus can have a devastating effect on industry globally, as is being seen in the airline industry. There is some doubt whether standard contract clauses will automatically treat such circumstances as force majeure events.
The paper suggests that certain drafting conventions ought to be adopted to address 21st century concerns, and particularly to provide practical solutions for these issues.
Building cultural capital in the Australian oil and gas industry
One of the key barriers to significant cost-savings and harnessing opportunities for growth in the Australian oil and gas industry is lack of trust, openness and misalignment between companies, among teams and among individuals.
In research undertaken for APPEA's Australian Competitive Energy (ACE) initiative over the last three years, one of the top three barriers to growth continually cited by senior and middle level managers has been culture and behaviours. Examples include misalignment between operators and contractors, management and the workforce, joint venture partners, industry and government, and the industry and the community.
In the next five years, the Australian oil and gas industry is facing a skills shortage, technically challenging projects with less people and adaptive challenges. Adaptive chal- • How to move forward individually, as companies and as an industry. The purpose of this paper is to foster debate and discussion about developing a high performing culture in the Australian oil and gas industry. We intuitively know that valuing our people makes good business sense. To transform the industry's culture, it is not the organisations that transform, but the people. Shifting the culture requires leadership, courage and commitment from the industry's senior management.
L. Doig, R. Griffiths and J. Robertson
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Session 4C-2:50pm Oil and gas producers are familiar with the use of derivatives to hedge oil price risk.
Beyond this, derivatives provide opportunities to enhance more general corporate finance activities.
An example is raising finance for acquisitions or developments. When the maximum senior debt has been obtained, the choice between equity funding or other sources (such as subordinated debt) should also consider the up-front cash available from a structured derivative program-this may lower the overall cost of capital for the acquirer, and directly improve equity returns through lower dilution.
A notable aspect of oil and gas production businesses is the high degree of embedded optionality. Option pricing methods can be used to value and monetise these real options-creating a new source of finance by transferring part of this embedded optionality to a party which can explicitly value and trade it.
Generating value from real options (such as the opportunity to develop a proven, undeveloped reserve) can represent a critical source of finance.
The value of such development assets is not fully recognised by traditional lending banks when the final investment decision remains some way off.
By contrast, monetising real option value can provide funds at a point where they can be applied to appraisal drilling, thus funding the development of the project to a point where conventional debt or project-secured debt becomes feasible.
Companies with both existing unhedged future production and a portfolio of PUD real options are best-placed to benefit from this source of finance.
SESSION 5A-NEW IDEAS AND TARGETS FOR CENTRAL AND SOUTHEAST AUSTRALIAN BASINS Optimal thin oil column management-the Bream story R.M. Fish and D.J. Zajdlewicz
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Originally developed in 1987 for oil, the Bream N-1 reservoir is a Gippsland Basin Top-ofLatrobe oil and gas accumulation. The original oil column thickness varied due to local structure with most of it 13.5 m and with nearly all of it overlain by a large gas cap. The original depletion plan called for maximising oil recovery through a combination drive and included a provision for returning all produced gas to the reservoir. By 2000 this scheme had proven successful with a 60% oil recovery. The remaining life of the oil resource was, however, limited and a study of the optimum time to initiate gas withdrawals was undertaken.
Gas blow-down studies often employ full-field reservoir simulations. This stratigraphically complex reservoir is not suited to full-field modelling due to the interplay of a coning dominated thin oil column with a thinly bedded dipping reservoir. Consequently a different, more efficient tack was taken⎯key unswept oil areas were identified and studied for their response to a moving oil column, either through mechanistic simulations or analytically. This study with subsequent revisions concluded that gas export would increase Bream's oil recovery by as much as 9.6 MMSTB (1.5 GL) through an active campaign of chasing the moving oil column and/or accessing it at local structural traps.
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The eastern Dampier Sub-basin on Australia's northwestern margin has been subject to intensive exploration activity since the early 1960s. The commercial success rate for exploration drilling, however, has been a disappointing 8%, despite numerous indications of at least one active petroleum system. During 2002-2003, Woodside and its joint venture partners undertook an integrated review of the area, aimed at unlocking its remaining potential. Stratigraphy, hydrocarbon charge and 3D seismic data quality were addressed in parallel.
The eastern Dampier Sub-basin stratigraphy was upgraded from the existing, conventional, second-order tectono-stratigraphic framework to a third-order, exploration-scale, genetic stratigraphic framework. The new framework has regional predictive capability in terms of reservoir (and seal) presence and facies, and has led to recognition of new plays and an enhanced understanding of known plays. One new play involves shoreface sands within the Calypso Formation. New light has been shed on the known Lower Cretaceous M.australis sands play (K30), by the creation of gross depositional environment maps at third-order sequence scale. The Upper Jurassic deepwater clastics play of the Lewis Trough has also been developed, by recognition of four prospective, sand-rich gravity-flow intervals in the early Oxfordian (J42 play).
A 3D charge modelling study, underpinned by new geochemical analysis, has allowed delineation of areas of higher and lower risk in terms of hydrocarbon charge and phase (oil versus gas). Key source rocks for oil are identified in the early Oxfordian W.spectabilis biozone, although they are also a likely source for gas in the southwest of the area. The Bathonian-Callovian Upper Legendre Formation is a major source for gas, but could also have contributed minor oil in the northeast of the area. By a combination of geochemical fingerprinting and 3D forward modelling, most hydrocarbon occurrences in the area have been tied to these source intervals, complete with a consistent view of maturities and migration pathways. Some 1,500 km 2 of the Panaeus multi-client 3D survey were reprocessed, with close attention to multiple removal, velocities and imaging. A step-change improvement in seismic quality was obtained, together with improved velocities for depth conversion.
The prospect portfolio has been polarised and much enhanced through these studies, and the results of several existing wells have become better understood. Some new prospects were identified by apparent direct fluid indications, detected in one case by 3D volume AVO screening. Other new prospects are the result of a clearer seismic image, or of the revised velocity model for depth conversion. New plays are still being followed up, while the fresh light cast on existing plays (e.g. K30 and J42), in combination with improved seismic data, has led to development of several interesting opportunities. In the southern Cartier Trough, the Lower Vulcan Formation is typically at a lower thermal maturity than that seen in the Swan Graben, due to a combination of a relatively recent (Pliocene) enhanced burial history and a thinner Lower Vulcan Formation. Here, horizontal and downward oil/gas expulsion from the Lower Vulcan Formation into the Plover Formation sandstone was active from the Late Tertiary to present day, which is significantly later than the expulsion in the Swan Graben. Oil migration from the Lower Vulcan Formation into the Jabiru structure via the Plover Formation carrier bed, was simulated in both 2D and 3D modelling. In particular, 3D modelling simulated oil migration into the Jabiru structure, not only from the southern Cartier Trough after the Miocene, but also early migration from the northern Swan Graben in the Early Cretaceous.
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In the central Cartier Trough, the areal extent of both generation and expulsion increased as a result of rapid subsidence from about 5 Ma to present day. This Pliocene loading has resulted in the rapid maturation of the Early to Middle and Late Jurassic source system, and expulsion of oil very recently. The SANS/USANS data detect the presence of generated bitumen and mobile hydrocarbons in pores and are pore-size specific. As the pore-size range in mudstones extends from about 0.001-30 µm, the presence of bitumen in the small pores detected by SANS indicates the depth of onset of hydrocarbon generation, whereas the presence of bitumen and mobile hydrocarbons in the largest pores detected by USANS indicates a significant saturation and the onset of expulsion.
Hydrocarbon generation and expulsion from Early
Although geochemical data imply the existence of a potential gas and oil source rock in the Lower Cretaceous section (Echuca Shoals and Jamieson Formations), the SANS/USANS data indicate significant generation but little or no expulsion. This source limitation may explain poor exploration success for liquid hydrocarbons in the area. The SANS/USANS data provide evidence of intra-and inter-formational hydrocarbon migration or kerogen kinetics barriers. There is no evidence of an oil charge to the Berriasian Brewster Sandstone from the Echuca Shoals Formation, although some gas charge in Brewster-1A is possible. This novel microstructural technique can be used to independently calibrate and refine source rock generation/expulsion scenarios derived from geochemistry modelling. to the Gorgon proposal). It finds that while economic and social factors are expressly included in the legal framework, these factors have not played a large role in either assessing the significance of proposal impacts or in determining the conditions to be placed on the proposals. In the case of Western Australia, in 1996 the Supreme Court overturned recommendations by the Environmental Protection Authority, and a subsequent decision by the Minister for the Environment, on the basis that they had considered extraneous economic factors.
Soon after approving the Gorgon proposal, the Western Australian Government published a State Sustainability Strategy. The strategy calls for sustainability assessments to be built upon existing environmental assessment processes. Having outlined the traditional environmental assessment process, the paper draws out a series of principles that may serve as a starting point for discussion about how to create sustainability assessment processes from environmental assessment processes. Key principles include comprehensiveness and an articulation of the objectives to be met through the assessments.
The notion of sustainability is gradually becoming incorporated into the environmental legal framework. Sustainability assessments may be the next step in the development of that framework.
Legal framework and liability of leaving oil and gas facilities in-situ or deep sea disposal on Australia's Continental Shelf Australia's offshore petroleum industry is beginning to mature and many of its offshore oil and gas production facilities are reaching the end of their operational life. These facilities consist of an array of infrastructure including wells, wellheads, platforms and monopods of various construction, pipeline and flowlines, and anchors and risers. Many of these facilities will need to be decommissioned at the end of their operational and economic life in a safe and environmentally responsible manner.
I.V. Stejskal
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The Australian government has the jurisdiction to direct a company to remove all facilities associated with offshore production projects located on Australia's continental shelf, but there is room for discretion for other decommissioning options. The manner in which facilities are decommissioned must be assessed on a case-by-case basis, taking into account factors such as technical feasibility, commercial risk, safety and social impacts, costs and environmental effects.
Two decommissioning options appropriate in some instances are to leave selected facilities in-situ or dispose of a facility to some other location on the continental shelf, preferably in deep water. Residual liability refers to the responsibility and liability associated with leaving facilities on the seabed. If a facility is allowed to remain on the seabed, questions related to residual liability arise: • who is responsible for any facility left on the seabed; and • who is liable to pay for compensation in the event that this facility is allowed to remain in place on the seabed and injury or damage is caused to a third person or property? There is no universally accepted practice in relation to residual liability in relation to decommissioning. In some countries, the State assumes responsibility; in other countries the company remains responsible in perpetuity. This issue still needs to be clarified in Australia. Individual companies in the industry are involved at a number of levels: co-ordinating presenters; preparing presentation materials; providing on-going support for students during the program; providing prizes as an incentive to the students; and also providing cash donations to assist with the costs of the Co-ordinator. The course materials consist of standard slide presentations (available in both electronic or OHP format), and are complemented by written worksheets, and a website integrated with the Petroleum Club of WA's site. During the program, the students, working in groups, compete for substantial industry-related prizes, by completing a research project related to the SIP course content. A separate Board of Review assesses projects formally according to a set of established criteria.
That the SIP is a success is confirmed quantitatively using formal ongoing program evaluation by the students, their teachers, and the industry presenters, and is evidenced by the number of schools seeking the limited places in the program. Other education initiatives (e.g. Speaking of Oil and Gas, and The Introduction to the Petroleum Industry seminars) are also discussed in this paper as they have links to the SIP. It has long been known that faults and horizon boundaries can greatly affect the magnitude and orientation of the in-situ rock stress state. Significant success has been shown in the geoengineering disciplines, whereby geomechanical models have been built to model local stress fields generated by rock mass inhomogeneities.
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In this work 3DEC (3D) the discrete element code has been applied to model stress perturbations around three simple fault configurations, two relay configurations (relay ramp and horst structure) and one fault intersection. The results show rotation in the principal stress orientation and stress magnitudes of the regional stress field about the faults. The degree of rotation of the principal stress direction and the stress magnitude are dependant on the fault friction angle parameter, the angle of maximum principal stress to the fault plane and the ratio of maximum to minimum principal stress. The degree of perturbation is demonstrated graphically in the surrounding rock mass along the fault strike, the perturbation generated by the fault can be up to 1.4 times the magnitude of the maximum principal regional stress and is highly dependent on friction angle.
Case studies are presented where this 3D numerical technique has been used to truly integrate risking methods on the fault plane and in the surrounding rock mass. Case study examples are given for the Otway Basin, South Australia and the Bonaparte Basin, Timor Sea, where these predictors can be applied to accurately identify high-risk reservoir seals. Recent oil discoveries at Hovea, Cliff Head, Jingemia and Eremia have challenged the perception that the northern Perth Basin is largely gas prone and renewed interest in the identification of oil source rocks in the succession. A major geochemical reassessment of all units from the Middle Triassic to the base of the Permian shows that the principal oil prone source rocks are restricted to a discrete zone within the basal Kockatea Shale, the Sapropelic Interval of the Hovea Member (defined herein). The source zone, typically 10-40 m thick, is laterally continuous over much of the onshore northern Perth Basin. It immediately overlies the Permian-Triassic boundary and may form part of a global anoxic event. These are some of the best oil source rocks ever identified in Australia. A combination of diagnostic biomarkers and compound specific isotopic data consistently link the Hovea Member source rocks to all oils analysed from the northern Perth Basin. Gas prone source rocks are developed at several levels in the Permian, and particularly in the Irwin River Coal Measures. In most areas of the basin, oil charge from the Triassic is in direct competition with any gas generated from the Permian, as seen in the large Warradong Kitchen, southeast of the Dongara Field. This has resulted in a predominance of gas discoveries, often with a thin oil leg. The smaller but oil prone Jingemia Kitchen, southwest of Dongara, has sourced the recent oil discoveries at Hovea, Jingemia and Eremia. There is evidence that the Hovea Member source rocks are also widely distributed offshore in the Abrolhos Sub-basin where they appear to have sourced the Cliff Head oil discovery and strong oil shows in Morangie-1 and Livet-1, some 300 km northwest of Dongara.
SESSION 6B-THE WESTERN MARGIN REVITALISED
The northern Perth Basinfrom marginally prospective for gas to highly prospective for both oil and gas Recent discoveries of gas in the Wagina Formation by Beharra Springs North-1, in the High Cliff Sandstone by Hovea-2, and of oil in the Dongara Sandstone by Hovea-1, Jingemia-1 and Eremia-1, have changed the perception of the northern Perth Basin from being marginally prospective for gas to one that is highly prospective for both oil and gas. Enhanced quality of 3D seismic over 2D, an analysis of regional gravity data, and in-house reservoir and source rock studies have all played a part in these discoveries. Hovea-2 is significant in that it flowed gas at commercial rates from the Lower Permian High Cliff Sandstone, the first well in the basin to do so from this reservoir. A program involving extensive additional 3D seismic and as many as six exploration wells is planned for 2004, offering the potential for further significant hydrocarbon discoveries. There is an extensive list of taxes (direct and indirect) that potentially apply to companies that explore and produce oil, gas or other hydrocarbons in Australia's offshore waters. These taxes can include income tax, petroleum resource rent tax, royalties, goods and services tax, customs duties and fringe benefits tax. However, are such companies that produce in Australia taxed more than their counterparts in offshore locations elsewhere around the globe? This paper provides an insight into the principal forms of direct taxation that apply to the Australian offshore production industry. It examines the nature of the taxes applied, the rate of taxation and how the tax take has moved over the years since the first offshore exploration permits were granted in Australia in the late 1950s. The paper gives examples of how in practice each of the relevant taxes would apply throughout the life of a field and compares the taxation burden in Australia to that in other key offshore producing jurisdictions such as the UK, US and Norway. The paper concludes by looking at some of the economic and political factors that must be addressed by the Australian Government if Australia is to maintain a fiscally balanced tax regime to encourage further investment in our offshore industry. The objective of this paper is to analyse the different reserve reporting and exploration accounting methods used globally and highlight the key reporting implications for companies that are domiciled in Australia. This has become a critical issue in the oil and gas sector with the impending implementation of International Accounting Standards (IAS), as these standards as they now stand, do not specifically address the oil and gas industry. As a result companies may have the option or may be required to make significant changes to existing accounting and reporting practices. The paper will analyse the issues, potential implications, and opportunities within the following areas: 1. A brief summary of the history of oil and gas accounting standards and the status of existing IAS. 2. The different reserve reporting practices for exploration accounting and reserve reporting practices between the United States (US), United Kingdom (UK), and Australia, including the different interpretations of reserves within the countries. 3. The alternative accounting outcomes for exploration expenditure depending upon whether successful efforts are applied, area of interest, or full cost accounting. 4. The relationship between reserve reporting and exploration accounting, with examples of how multiple accounting outcomes may result from the same exploration program. 5. The actions required by oil and gas executives to best manage the issues. The paper will be written and presented in a style such that non-accountants or reserve experts will be able to understand the issues. Detailed analysis of technical issues and industry specific references will be avoided, e.g. accounting jargon.
The paper will be of most value to representatives of Australian independent oil and gas companies, but would also be of interest to international companies. 
Sydney Gas Limited
Session 7A-2:30pm
Sydney Gas Ltd (SGL) believes that the growth of the new and exciting coal seam methane (CSM) industry will certainly offer significant economic, social, and environmental benefits to the State of NSW within both the short and the long-term. This paper overviews SGL's CSM resource development program for the Sydney Basin in general. SGL's acreage provides an extensive contiguous coverage of the Sydney Basin, and is ideal as it straddles the main gas transmission line from Wollongong to Newcastle.
Gas content is one of the most crucial parameters for CSM resource development. This paper also discusses the method adopted by SGL highlighting the pitfalls in the gas content measurements adopted by previous explorers that caused substantial under-estimation of the CSM resource in the Southern Sydney Basin. Gas content determination comprises three components, i.e. lost gas (Q1), desorbed gas (Q2) and residual gas (Q3). Evaluation of earlier data acquired under an ambient temperature rather than reservoir temperature, was the first source of error which resulted in under-estimating gas content calculation. Zero time for desorption measurements was previously set at core retrieval time rather than core cutting time generating an additional error. That is particularly significant in a highly stresssensitive coal seam such as the Bulli which is the main target for the CSM resource development in the Southern Sydney Basin. This paper has also addressed the commercial case for developing CSM as a new energy source in NSW, for so long dependent upon coal and interstate gas.
